Abstract: With the development of separation materials, more and more complex natural products with poly-stereogenic centers are obtained. However, due to small quantity of the isolated compounds, or no crystal formed, or complex 2D NMR correlation signals, absolute configuration identification for these compounds becomes difficult. Now, computational methods provide researchers many benefits in structural determinations for chiral natural products. Computational methods include (1) optical rotation (OR) and its dispersion (ORD) computations; (2) electronic circular dichroism (ECD or CD) calculations; (3) computations of determinant of matrix for stereogenic centers. In methods (1) to (2), the mostly used quantum theory contained density functional theory (DFT) with different basis sets, e.g. B3LYP/aug-cc-pVDZ//B3LYP/6-31G(d). Effects from solvents on OR value can be investigated using different corresponding software. In the cases, optimizations performed in the corresponding solution are helpful to obtain the correct predictions although it is not usual at present time. Matrix model as one of the mathematic methods is different from quantum methods, which is of easily being understood and effective in absolute configuration assignment for acyclic chiral compounds. In this review, necessary theory basis for the three methods are simply introduced for modern readers, the focus of which is the application of these methods in natural product chemistry by various examples reported in different journals from 1998 to the end of April of 2010 except for matrix method to the May of 2010 based on an experimental chemist's viewpoints.
INTRODUCTION
Absolute configuration determination is a big challenge encountered by the chemists. Traditionally, 2D NMR methods and experimental methods, e.g. Mosher esters, have been playing important roles in stereogenic configuration identification. With the development of separation materials, more and more novel structurally compounds are obtained with poly-stereogenic centers. However, micrograms weight, especially, the 2D NMR spectra give contradictionary information in some cases, for example, one proton sign may have different space interactions from other protons and some of them may be conflicted in ROESY experiments. In the cases, configuration determination becomes more and more difficult. Now, computational methods provide a useful tool in the absolute configuration determination. Current methods developed until now include optical rotation (OR) computations and ORD, electronic circular dichroism (ECD or CD) calculations, and computations of determinant of matrix. Other methods, such as vibrational CD and 13 C NMR methods are not included in this review
OR AND ORD COMPUTATIONS
Compounds with stereogenic center(s) generally can rotate light and this rotation angle can be measured by using polarized light.
*Address correspondence to this author at the Organic Synthesis and Natural Product Laboratory, State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany, CAS, 650204, Kunming, Yunnan China; Tel/Fax: 0086-871-5216179; E-mail: hjzhu@mail.kib.ac.cn Different absolute configurations have different contributions to OR magnitudes. Light rotation has two directions, clockwise (positive sign) and counter-clockwise (negative sign). Generally, similar structurally chiral compounds with the same absolute configurations have the same optical rotation direction (sign), which is an empirical principle, however, a useful and powerful rule to be used in absolute configurations determination until now.
Empirical and semi-empirical methods [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] have been used in this effort before quantum computational methods are adopted. The first use of modern Hatree-Fock (HF) calculations in OR was reported by Polavarapu [13] , using the Rosenfeld method by Amos [14] . This took place almost 76 years after the initial construction of quantum mechanical methods of optical rotation reported by Rosenfeld [15] . The first practice of density-function theory (DFT) in OR was reported by Yabana and Bertsch [16] . Static-limit optical rotation calculations were then reported by Cheeseman, Frisch, Devlin and Stephens [17] . The first coupled-cluster (CC) calculation of optical rotation was reported by Ruud and Helgaker [18] . Crawford and coworkers reported the coupled-cluster single doubles (CCSD) method [19] In the past decade, many chemists, such as Wipf [20, 21] , Grimme [22, 23] , Pederson [24, 25] , Giorgio [26] , Nafie [27] , Wiberg, Vaccaro and Jorgensen [28, 29] , and other theoretical chemists [30] [31] [32] [33] [34] explored several computational approaches for use in OR calculations.
Specific rotation is one of the dynamic three-dimensional characteristics. Its magnitude and direction change with wavelength, temperature, solvent and so on. Quantum-mechanical theory relates optical rotation to a molecular parameter ( ), where equals 1 / 3 Tr[ , ] and ( ) is the frequency-dependent electronic dipolemagnetic polarizability tensor [15, 35, 49] . Computations of , at the HF level of theory were introduced by Amos for the static limit ( =0) 14 and by Helgaker for any frequency [36] .This method can simply be described as follows:
where N A is Avogadro's number, M is the molecular weight, c is the light speed in vacuum, is the correction from solvent which is either neglected ( =1) or approximated by equation: = (n 2 +2)/3. Thus, the value of [ ] v depends upon the magnitude of the tensor of . General density functional theory (DFT) and basis sets, e.g. at the B3LYP/6-31G(d) level or higher, are used for different conformation optimizations [37] . The optimized conformers with lower energy are then used in OR computations at, e.g. B3LYP/aug-ccpVDZ level for small chiral molecules, or B3LYP/6-311++G(2d,p) level for large chiral compounds. Conformation optimizations may be performed in the gas phase or in solvent using polarizable continuum model (PCM). Using Boltzmann sum formula (Boltzmann statistics) can provide OR values for specific chiral compounds.
The absolute configuration of actinophyllic acid (-)-1 [38] , an alkaloid with an unprecedented 2,3,6,7,9,13c-hexahydro-1H-1,7,8-(methanetriyloxymethano)pyrrolo[1 ,2 :1,2]azacino [4,3-b] indole-8(5H)-carboxylic acid skeleton isolated from Alstonia actinophylla, was determined through the study of its corresponding methyl ester 2. Compound 2 had two stable conformations 2a (91.4%) and 2b (8.6%). The OR magnitudes for the two conformations were computed at the B3LYP/6-311++G(2d,p) and B3LYP/aug-cc-pVDZ levels, respectively. The calculated OR values for (15R,16S,19S,20S,21R)-2 are illustrated below the 3D structures. The recorded OR for 2 in chloroform was -100.3.
Hydrolysis of (-)-2 produced the naturally occurring (-)-1 with OR values of -29 or -41 in concentrations of 0.02 or 0.004 g/100 ml in methanol. This confirmed the absolute configuration of (-)-1 is (15R,16S,19S,20S,21R ).
An anti-HIV-1 activity natural product concentricolide (3) was isolated from Daldinia concentrica [39] . Its configuration was assigned by X-ray study with Mo-radiation experiments. The configurations of 3 and its analogs (4 to 5), which were synthesized via enantioselective additions and exhibited anti-HIV-1 activity, were predicted by optical rotation values obtained by the B3LYP/aug-ccpVDZ//B3LYP/6-31+G(d) (method A) and B3LYP/aug-ccpVDZ//MP2/6-311+G(d) methods (method B) [40] . The two methods predicted very close optical rotation magnitudes for all three chiral compounds (3) (4) (5) .
In the study, the effect of the absolute configuration on anti-HIV-1 activity was investigated. It exhibited that (R)-enantiomer of 4 exhibited stronger anti-HIV-1 activity than (S)-enantiomer, if the stereogenic center disappeared, e.g. 6, the anti-HIV activity became quite weak.
14-Methoxytajixanthone (7) was isolated from Emericella sp. 25379 [41] . It is calmodulin inhibitor (IC 50 = 5.54 μM) when a positive control chlorpromazine (IC 50 = 7.26 μM) was used. The absolute configurations at C-20 and C-25 were designated as (S) and (R), respectively, by Mosher ester methodology. The configurations at C-14 and C-15 were established by comparing the ORs at B3LYP/DGDZVP level of theory for diasteroisomers 7a-7d to the recorded ORs. The OR difference between 7b's and experimental one was the smallest, and this allows the absolute configuration assignment of 7 as (14S,15S) ( Fig. 1) . In Stephens and coworkers' study, they have demonstrated the significance of these advances for the stereochemical characterization of natural products, e.g. thujopsene, phyllocladene and others by using DFT methods at different sets [42] . For example, timedependent DFT (TD-DFT) calculations of the specific rotations, [ ] D , of four cytotoxic natural products including quadrone (8), suberosenone (9), suberosanone (10), and suberosenol A acetate (11) , are used to assign their absolute configurations [43] .
The OR magnitudes were performed under different wavelengths at the B3LYP/aug-cc-pVDZ//B3LYP/6-31G(d) level, and the specific OR values are summarized in Table 2 . By comparing the calculated and recorded OR values, their absolute configurations were assigned as those illustrated above. . Optimization for the structures was performed in the gas phase and in solution by means of the PCM, respectively, at the B3LYP/6-31G(d) and B3LYP/aug-cc-pVDZ levels. The calculated OR values are illustrated in Table 3 .
Relationships between the computed OR values and the experimental values are illustrated in Fig. (2) . absolute configuration is (S). (5R,11R)-17 was analyzed at the B3LYP/6-311++G(2d,2p)//B3LYP/6-31G(d) level, and its OR was predicted as -319, which is very close to the experimental results (-287 or -301) [57] .
Assignment of the absolute configuration of (+)-diplopyrone (18), has been approached by the ab initio calculation of the optical rotatory power [58] . Two structures 18a and 18b may exist. The calculation of optical rotation at 589 nm has been carried out for 18a at the B3LYP level, using the Sadlej basis set, which is slightly larger than the aug-cc-pVDZ basis set. OR calculations of the natural cytokine modulator cytoxazone (19) and its trans-diastereomer 20, as well as the epimers cis-21 and trans-22 isocytoxazones [61] [62] [63] [64] , have been performed at four different wavelengths (589, 546, 435, and 405 nm, respectively) by density functional theory by Giorgio and coworkers [65] . Optimizations for the geometries were performed at the B3LYP/6-31G(d) level, and their OR computations were carried out at the B3LYP/aug-cc-pVDZ level. The OR magnitudes are summarized in Table 4 . Predicted results had good agreements with experiments.
Giorgio and coworkers reported the OR computations for natural products 23-34 [ B3LYP/6-31G(d)//B3LYP/6-31G(d) [75] . Table 5 shows the OR magnitudes. This result provides an assistance for researchers who lack the super-computer to do calculations at a relatively high level, e.g. B3LYP/aug-cc-pVZD//B3LYP/6-31G(d), although one OR prediction for example 34 did not agree well with the experiments.
The small basis sets, HF/6-31G(d) (HF used in the following structures) and B3LYP/6-31G(d) (DFT used below the structures) used in small molecular OR predictions did work well in other chiral molecules, e.g. from 35 to 42, which can be used in the OR computations [77] . Other examples using small basis sets were also reported [77] . However, the use of HF theory at a small basis set is not recommended.
However, the small sets meet problem in OR computations for 43 [78] . Until now, with the development of super-computers, the small basis sets, e.g. HF/6-31G(d), are rarely used in the OR predic- 
Generally, the B3LYP theory with basis sets at the aug-ccpVDZ level provides relatively good OR predictions for some small natural products, such as (-)-camphenilene (44) [92] . The computational results have good agreement with the experimental results, and these are listed behind the structures [93] .
Absolute configuration determination for derivative (52) of vladimuliecins A was assigned by Chen and coworkers recently [94] .
The OR at the B3LYP/6-31G(d) was +20.9 which is close to the recorded magnitude of +12. Unfortunately, author reported that its enantiomer 53 had -5.4, which is far away from +20.9. This is unexpected since enantiomers should have the same absolute OR values except for their OR signs. On the other hand, this popular method, B3LYP/aug-cc-pVDZ//B3LYP/6-31G(d) level in the gas phase, may not be able to be used in absolute configuration determination for flexible compounds, e.g. from 54 to 57 [61, .
Optimizations of the geometries for 54 to 57 were performed at the both B3LYP/6-31G(d) and B3LYP/6-311++G(2d,2p) levels, 
e B3LYP/6-311G++(2d,2p)//B3LYP/6-311G++(2d,2p). f B3LYP/aug-cc-pVTZ//B3LYP/6-311G++(2d,2p). g PCM/ 3LYP/6-311++G(2d,2p)//PCM/B3LYP/6-311++G (2d,2p).
h PCM/B3LYP/6-311++G(2d,2p)//PCM/BH and HLYP/6-311++G(2d,2p). respectively. OR calculation for all conformers structurally optimized at the both B3LYP/6-31G(d) and B3LYP/6-311++G(2d,2p) levels were computed using total electronic energy ( E DFT ) and free energy ( G DFT ). The effect from solvent was also investigated using PCM model (via E MP2 ). All OR magnitudes are summarized in Table 6 . It is found that the small basis set for the flexible chiral compounds' OR prediction gave the wrong results, and higher basis sets achieved good predictions, e.g. PCM/B3LYP/6-311++G(2d,2p)//PCM/B3LYP/6-311++G (2d,2p). This should be noticed in practice.
When acyclic chiral compounds are very flexible, e.g. pitiamide A (58), which was from an extract of a mixed assemblage of Lyngbya majuscule and Microcoleus sp. growing on intact colonies of the hard coral Porites cylindrica on Guam [97] , to use the traditional methods, namely, to investigate most the stable conformations for computation of ORs becomes very difficult. Wipf and coworkers [98] reported a method that can be used to treat it. Over million conformations need to be investigated if a general method that we introduced above is used for OR prediction for 58. This is absolutely impossible at present time. Thus, 58 was cut into several fragments, and every one's OR was computed using quantum methods. In this way, only a total number of 180 conformations of fragments I-III were subjected to OR calculations in the static field approximation implemented in CADPAC with a 6-31G(d) basis set. (Table 7) .
Similarly, hennoxazole A (59) was treated as the same as this [99] [100] . The NMR spectrum of natural hennoxazole A revealed the presence of either an all-S or all-R configuration. The fragments I to III were planned as enantiomers of the real case. The prediction of OR agreed to the experimental results [21] .
However, how to cut a chiral compound as 58 or 59 with a long chain into several reasonable fragments is an art job and depends on personal experiences. To develop a new method is expected.
In some cases, the relative configurations are known using 2D NMR methods or X-ray via Mo-radiation study. For example, schizozygine (60) [101] was found that there were four stable conformations, and their OR magnitudes were calculated at the B3LYP/aug-cc-pVDZ//B3PW91/TZ2P [102] . As one of the example, the stable conformations are illustrated below (Fig. 3) and their OR values are summarized in Table 8 .
Another interesting example is the absolute configuration determination for plumericin (61) and isoplumericin (62) [103] [104] [105] . The OR computations were performed at the B3LYP/aug-ccpVDZ//B3LYP/6-31G(d) level, respectively ( Table 9 ) [106] . In the last of this section, it is important to notice that an important empirical rule in absolute configuration is that we mentioned at the beginning, namely, if there are two similar compounds which have the same OR sign, the unknown compounds' absolute configuration would be the same as the unknown one's. However, this empirical rule should be carefully used in daily research. Stepehens pointed out that the very similar compounds oruwacin 63 [107] and plumericin 64 [103, 104] have totally different absolute configuration [106] . Reassignments of some natural products using DFT methods have been reported. For example, (-)-sphaeropsidone (65) was assigned as (2R,3R,4S) and (-)-episphaeropsidone (66) [108] was identified as (2R,3R,4R). However, the computed OR had the reversed OR sign of recorded and almost the same order.
This clearly exhibited that (-)-sphacropsidone (65) had (2S,3S,4R) configuration and (-)-isosphacropsidone (66) would be of (2S,3S,4S) configuration. Indeed, further studied in Mennucci and corkers' study, their ECD was computed and compared with the experimental ones. ECD results confirmed that the OR prediction here is correct. (2R,7S,20S,21S) Enantiomer of60 Fig. (3) . Four stable conformations (60a to 60d) for 60 (hydrogen was hidden for clarity). Epimer (67) of (-)-55 was assigned as (4S,5S) [109] . OR computations for it with consideration of solvent effect in acetonitrile using PCM model were carried out. The ORs were then compared with experimental OR data taken at four different wavelengths (Fig.  4) . The comparison clearly shows that the previously proposed absolute configuration for 67 is incorrect and the correct absolute configuration is (4R,5R) [65] . Others, for example, chiral natural compounds 68 to 71 [110] [111] [112] [113] , have been reported, their OR magnitudes computed using DFT methods are close to the experimental results. Among of them, it's strange that only two stable conformers were found in 69's OR computations in the original study. Indeed, this molecule is relatively flexible, and the stable conformations must be much more than two evenif with the energy from 0-1 kcal/mol at the B3LYP/6-31G(d) level. (-)-Naphthospironone A (71) had a negative OR values, and the OR computed for the X-ray structure was +66.2, it exhibited that the absolute configuration is reversed from that used in OR computations. The method to use OR to predict the absolute configuration is a very useful and convenient in daily researches. lations for relatively rigid compounds using DFT methods. As mentioned above, when chiral molecules have a long chain, e.g. 58 and 59, it is difficult to predict its OR values for absolute configuration determination. In this way, an effective model that attributes and predicts both the magnitude and direction of the specific optical rotation of chiral molecules is needed.
We now introduce a different type of qualitative model which has significant potential for further development. This is matrix method 114 . In this method, characteristics of the different substituents bound to a stereogenic center within the molecule were selected. The comprehensive mass for each of four substituents is used instead of the whole molecular weight which was used in the computations of optical rotation in quantum theory. The radius of the substituent, whose values change with the substituents' conformations, is a new variable. Electronegativity, which is related to a group's polarizability, was selected. The symmetry number, related to the group's asymmetry, was the final characteristic selected. In this matrix model, comprehensive mass, radius and electronegativity can each be computed by quantum theory if desired or their values can be based on experiments. The symmetry number is a completely new variable.
Brief introduction of this new method is mentioned above. If the atom is directly connected to the stereogenic center, its coefficient is b 1 here, m 1 is the mass of atom 1, which is directly connected to the stereogenic center and m 2 is the mass of atom 2, which is directly bound to atom 1. Since more than one atom can be bonded to atom 1, the summation term is used to indicate that the contributions of all these atoms must be included.
The radius (r) is defined as the smallest contact radius of the substituent when that substituent is in a stable conformation. We use the traditional method to obtain their magnitudes. The substituent's r value can be estimated by its geometry or it can be set equal to its Van der Waal's radius. Electronegativity ( ) means Pauling electronegativities. Atom or group electronegativity 115 has been used.
If one substituent has the highest symmetry operation number N, and this symmetric axis passes through the atom which is connected to the stereogenic atom, then the symmetry factor for that substituent is s (s=[(N-1)/N] 2 ).
It was proposed that the determinant value (det(D)) is proportional to the optical rotation magnitudes for this chiral molecule. The matrix method gave a relative value for chiral molecule. It needs to use det(D) and k 0 values both to characterize the prediction. This matrix method was also extended to a dual-chirality molucular OR computations.
Effects of temperature, solvent and frequency of light on a specific conformational optical rotation are the functions f(t), f(s), and f(v). When these factors were held constant in OR determination, the overall contributions to the optical rotations for the i-th conformation could be represented by function F coni . 
where k is the sum of all the constants (e.g. k 1 
The total contribution F from all conformations can be written as the form of Boltzmann distribution.
here Q i = k exp (-G i / RT), Q i is the amount of the i-th conformation, k and R are constants, G i is the difference between i-th conformation's free energy and the lowest conformational free energy. The coefficients, a 1 , a 2 , a 3 and a 4 were unknown and the specific functions of f(t), f(s), and f( ) were also unknown. However, they are constant when light frequency and temperature are fixed. Thus, we can study the middle matrix. Since a matrix is not a scalar number, we define the determinant of the matrix as det (D) which is proportional to the optical rotation values, and this is the relative OR value. Also, the sodium D line is used to obtain the optical rotation. Then, one conformation has: 
The different conformations of chiral molecule have different energies. Thus, the final observed optical rotation must employ the Boltzmann distribution of all these conformations.
If the matrix model represents a reasonable method to predict the magnitude and direction of specific rotation, then the value of k 0 should be approximately constant when obtained for different chiral compounds with similar structures in the same solvent (and at the same temperature and light wavelength). This would demonstrate that the value of det(D) was proportional to the magnitude of the specific rotation. The deviation of such k 0 values represents a measure of how well the model works. This has been initially premised by analysis of 90 chiral molecules.
This method needs to use k 0 and det(D) both to predict chiral molecular absolute configuration at present time since the coefficients a 1 to a 4 are unknown. However, it does not affect its work at present time. For secondary alcohol, amine or other secondary chiral compounds, the k 0 values should be positive. For tertiary chiral compounds, k 0 values should be negative. The following examples will give more details about its uses.
For easy understanding the method, some chiral compounds that are not natural products are selected from the original paper results here for readers [114, 116] . For example, compounds 72 to 79 are the secondary alcohols, they have similar structures, and it is found that they have very close k 0 values from 0.35 to 0.87 (Table  10) Compound 88 was isolated from fungi [137] , which had a long chain. Its OR was measured to be +25.2. The computed det(D) for (R)-88 was +5.3, this leads its k 0 value to be 4.8. Thus, its absolute configuration is assigned as (R). Another example is the absolute configuration determination for a novel sesquiterpene lactone dehydroxylsipanolinolide (89) [138] . The recorded OR value was +6.5, which is quite small. The predicted det(D) for (R)-89 was +2.02. The k 0 value is 3.2. Based on the principle which is mentioned above, (+)-89 should be of (R) configuration.
Other examples, e.g. 90 [139] , 91, 92 and 93 [140] , that involve matrix model in absolute configuration determination are illustrated below. For the long chain compounds, the k 0 values near 0.3-6 in different solvents.
The calculated det(D) value for (R) isomer of the compound 91 was -8.96. Due to the experimental OR was -6.9 in chloroform, the calculated k 0 value was +0.76 (-6.85/-8.96)). It means that the absolute configuration at C-8 was (R). Further more, (R)-91 was analyzed at the B3LYP/6-31+G(d) level, near forty stable conformations with relative energy from 0 to 2.5 kcal/mol were found. To reduce computational time, total 22 geometries with relative energy from 0-2.0 kcal/mol were used for OR computations at the B3LYP/aug-cc-pVDZ level. The predicted OR value was -24.2 using B3LYP/6-31+G(d)-optimized energy, or -23.1 using single point energy (SPE) at the B3LYP/aug-cc-pVDZ level in the gas phase. Taken together, the structure of 91 was determined as (2R)-1-(2,4,5-trimethoxyphenyl)-propane-2-ol-1-one, with a trivial name [143] , and 96 (+10.8) and 97 (+23) vs (S)-(+)-sydonic acid [142] .
ELECTRONIC CIRCULAR DICHROISM (ECD)
Electronic circular dichroism (ECD) is generally from velocity rotatory strengths. Its bandshape contains the following elements:
where is standard deviation in cm -1 . is the wave-number (1/ ). This result (Eq. 7) will be put into Harada-Nakanishi equation ( R i i exp (10) The convention for ECD spectra using Eq. 10 is to plot verses excitation energies in nm, but to provide in eV (default for should be 0.4 eV in Gaussian program). For more details, modern readers can refer the corresponding references.
It is useful to assign the absolute configuration for chiral compounds with , -unsaturated stereogenic center(s) since this structure can lead to effective ECD. For example, assignment of the absolute configuration of (+)-diplopyrone (18) [58] , has also been confirmed by exciton analysis of the ECD spectrum. The computed [147] , its absolute configuration was determined by comparing the calculated and experimental ECD spectra.
In some cases, OR values that were recorded are very small. In this case, it is difficult to say that OR computations using quantum methods are suitable for its absolute configuration determination. To compute its ECD can provide an additional assistance in absolute configuration determination. For example, (-)-naringenin (99) just has -14.7 in ethanol [148] . The computed CD for (S)-atropisomer exhibited that a calculated 290 nm Cotton effect with max 5.5 (Fig. 5c) . At the same time, the OR computed for this configuration structure is -238 at the B3LYP/aug-ccpVDZ//B3LYP/6-31G(d) level, or -143 using the averaged OR values weighted by the conformers energy when single bond C2-C1' rotated. It had the correct sign of the optical rotation by this ab initio calculation, but the computed value is one order of magnitude larger than the experimental one. However, taking the ECD evidences together, stereogenic center C-2 was assigned as (S).
Peroxisomicine A1 (100, PA1) is a potentially antineoplastic compound isolated from the seeds of Karwinskia parvifolia. It is considered as a useful compound for the preparation of topoisomerase II targeted anticancer cells. Its structure is too big to be easy in computation of its OR in absolute configuration determination. To calculate its ECD is an alternative method [149] . PA1 had stereogenic biaryl axis, which can form two atropisomers A and B.
ECD spectrum was calculated using the CNDO/S-CI16 approach. The single ECD curve obtained was added up and weighted. Heat of formation was used in the Boltzmann sum and this finally gave the overall theoretical spectrum.
Bringmann and coworkers reported the atropo-enantioselective total synthesis of the axially chiral (+)-isokotanin A (101) [150] , including its atropisomers 102 and 103. By converting 101 to model molecule 104, the recorded ECD and the computed ECD were compared each other. The assignments of the absolute configuration of (+)-isokotanin A (101) (and 103) were confirmed by ECD calculations.
ECD for (P)-104 and (M)-104 were obtained by CNDO/S-CI calculations [151] . The results are summarized in Fig. 7 (A) and (B). The ECD for synthetic (+)-101 was also examined and this is illustrated in (C).
In some cases, chiral molecules are very flexible. It is also very difficult to compute its ECD spectra using whole molecule and then to compare the computed ECD with the experimental results 152 . In these cases, the long chain compounds can be simplified using model molecules, since only the unsaturated double bond near the stereogenic centers have the big effect on ECD curve. The far away the atoms are from the stereogenic center the substituent, the smaller the effect the atoms on ECD will be. For example, (+)-94 that we listed above had a very long chain and three aromatic groups, which is simplified as model molecule (R)-105 for its ECD computations (Fig. 8) . The ECD for (R)-105 was computed at the B3LYP/aug-ccpVDZ//B3LYP/6-31G(d) level. Its curve looked like the mirror of the recorded ECD. Thus, the real case is that (+)-94 is of (S) configuration. This conclusion is the same as the matrix method predicted that is mentioned above.
Absolute configuration of eremophilane sesquiterpenes, e.g. 106 and 107, from Petasites hybridus were reassigned via comparing computed ECD with experimental ECD spectra [153] . The ECD for 106 and 107 were performed at the B3PW91/TZVP//B3LYP/6-31G(d) level. The configurations were assigned as (2R,4S,5R,8S,10R). Other examples were also investigated in the same research.
Absolute configuration for polyisoprenylated benzophenone derivative 108 from the fruits of Garcinia cambogia [154] was assigned by ECD calculations. The computed ECD for the absolute configuration in 108 and its enantiomer were performed at the TDDFT level.
Recently, Grandifotane A (109), a limonoid with an unprecedented carbon skeleton, was isolated from the stem bark of Khaya grandifoliola [155] . The structure of 109 with the absolute configuration was determined with the assistance of ECD calculation (Fig.  11) .
Many good examples have been reported, for example, 110 and its epimers 111 to 113 [156] , an isoflavone 114 [157] , and new dinorditerpenoids, trigonostemons A-D (115 to 118) [158] , 119 [159] , 120 [160] and 121 [161] were assigned with the assistance from comparing the computed ECD with experimental ECD spectra. The specific ECD spectra are not summarized here.
Generally, use of computational methods in absolute configuration determination for different chiral compounds will become more and more popular with the development of computer techniques. In practice, in many cases, people have to use two or more computational methods to support each other. For example, compound 18's absolute configuration was assigned as (1S, 4aS, 6R, 8aS) using its ECD spectra comparison. Indeed, its OR prediction at TDDFT/B3LYP level using the Sadlej basis 58 was +93 in the gas phase. The recorded OR for this configuration compound is +73 in methanol. The two data provided independent and reliable evidences to support its absolute configuration determination. In other example, researchers may combinational uses of OR and ECD or other methods, e.g. (+)-6 67 was reassigned using ORD and ECD. In some cases, the single value of OR in absolute configuration determination may be in error in the computations by a large percentage (perhaps more than 100% error for small values). It should be careful to apply this method in absolute configuration determination.
Computational methods have special advantages, such as no sample wasted during the determination. It can be predicted that more and more researchers will get its assistance in their daily study in the future. 
